Abstract Osteoarthritis (OA) is a chronic disabling disease that generates many impairments of functional health status. Impairments of balance are recognized in patients with knee OA. This study investigated the short term effect of sensorimotor training on balance in elderly patients with knee OA, and whether these changes were associated with impairment of functional performance. In addition the possible independent predictors of impaired balance were determined. Forty female patients with knee OA were divided into two equal groups. The control group received a traditional exercise programme and the study group received sensorimotor training in addition to traditional exercises. Blind assessment was conducted at the beginning of the study and after 6 weeks of training to measure balance [in the form of overall stability index (OSI), medial/lateral stability index (MLSI), anterior/posterior stability index (APSI)], perceived pain, proprioception acuity, knee extensor muscle torque, and functional disability. For the sensorimotor group, statistically significant improvements were recorded in all measured parameters, while the traditional exercise group recorded significant improvement only on measures of perceived pain, proprioception acuity, muscle torque, and functional disability, and non-significant changes on all balance measurements. Furthermore, the sensorimotor group produced significantly better improvement than the traditional group. The main predictor of balance was proprioception. The classic traditional exercise programme used in the management of knee OA is not enough for improving balance. Addition of Journal of Advanced Research sensorimotor training to the rehabilitation programme of these patients could produce more positive effects on balance and functional activity levels. The association between balance, proprioception and functional activity should be considered when treating knee OA.
Introduction
Osteoarthritis (OA) is a degenerative joint disease affecting mainly weight bearing joints. The pathological changes associated with OA affect not only articular cartilage, but also all joint structures [1, 2] . These changes combine to result in reduction of joint proprioception, and muscle weakness [3, 4] . Patients with knee OA clinically complain of pain, a decreased range of motion, and joint instability, all of which lead to decrease or loss of function [5, 6] .
The ageing process is accompanied by a decline in the function of the systems that are responsible for the control of balance [7, 8] . The presence of knee OA may cause changes that speed up the deterioration of these systems or compound the effects of ageing [9] .
Several protocols are available for management of knee OA with the aim of improving both patient complaints and overall functional activities. These protocols include traditional exercises programmes with a variety of strength training, flexibility exercises and range of motion exercises [10] [11] [12] . Nevertheless patient complaints often persist and function activities levels cannot be fully restored.
Balance deficits are documented in patients with knee OA [13] [14] [15] . These defects were correlated to many factors that are considered as contributors to balance control, such as pain, loss of proprioception, and decreased muscle strength [3, 16] . Balance training is often neglected during rehabilitation of patients with knee OA. It has been suggested that enhancing sensorimotor function can lead to improvement of functional performance in patients with knee injury as well as slowing its progression, especially in the geriatric population [17, 18] .
Recently, attention has been given to other approaches that focus on improving sensorimotor function by emphasizing sensory inputs, such as proprioception training and balance exercises. Balance training may allow patients to develop adequate motor skills for dealing with potentially destabilizing forces on the knee that may be encountered during activities of daily living [19, 20] . Programmes aiming to improve sensorimotor function, therefore, would be of value in the management of patients with knee OA.
Sensorimotor training is a special form of proprioceptive and balance exercise that was designed for management of patients with chronic musculoskeletal pain syndromes. It is based on the concept that instead of emphasizing the isolated strength of a group of muscles around a joint, we should realize the importance of the central nervous system in regulating movement in order to reach proper firing patterns for maintaining joint stability [21] [22] [23] .
The purposes of the current study were to investigate the short term effect of sensorimotor training in addition to traditional exercises on balance in elderly patients with knee OA and to clarify whether there is an association between functional disability and balance; and also to determine the independent predictors of balance, such as pain, proprioception, and knee extensor muscle torque.
Subjects and methods

Subjects
This study was approved by the ethical committee of the Faculty of Physical Therapy, Cairo University. This is a randomized single blind study in which forty women with unilateral chronic knee OA were recruited from the outpatient clinic of the Faculty of Physical Therapy, Cairo University. Their mean age was 61 ± 3.4 years, height 164 ± 5.4 cm, and weight 79.5 ± 4.1 kg. Patients included in this study were diagnosed by an orthopaedist as having grade II knee OA with the presence of knee pain, osteophytes and definite joint space narrowing based on the American College of Rheumatology criteria [24] . Exclusion criteria included knee surgery, intra-articular steroid injection, rheumatoid arthritis, any neurological condition affecting lower limbs, or use of assistive devices for walking. All patients were required to refrain from seeking other forms of treatment during the study, other than a stable dose of non-steroidal anti-inflammatory drug equivalent to 300 mg Aspirin.
Patients were randomized into two equal groups. A control group received a traditional exercise programme and a study group received sensorimotor training in addition to traditional exercise. Randomization was achieved using the one-to-one randomization method by allocating patients according to their arrival at the outpatient clinic alternatively to the study group and the control group.
Assessments were conducted at baseline and after 6 weeks by an assessor who was blinded to the group allocation. Assessment included balance measurement in the form of overall stability index (OSI), medial/lateral stability index (MLSI), and anterior/posterior stability index (APSI). Perceived pain, proprioception acuity, knee extensor muscle torque, and functional disability were also measured.
Measurement of balance
Biodex Stability System (BSS) was used to measure balance at the Balance Lab, Faculty of Physical Therapy, Cairo University. The system provided measurement of OSI, MLSI and APSI. The reliability of the BSS has been reported [25] . The device was calibrated before each measurement according to the manufacturer's manual.
Subject preparation
Patients were instructed to step onto the platform of the BSS with the knee of the supported leg flexed about 10°. In addition the subject was instructed to keep her hands at her sides throughout the test. The platform was unlocked and the subject was instructed to adjust the foot position to a comfortable stable position. Then the platform was locked and the foot position coordinate was recorded.
Testing procedure A single limb test was conducted. The test consisted of 30 s test using all eight levels provided by the system. The patient was asked to stand on the tested limb with the same foot coordinate that was determined at the pre-test and to look straight at the X mark and to try to maintain balance.
Measurement of knee extensor muscle torque
Biodex 3 Pro multijoint Isokinetic dynamometer (Biodex Medical Inc., Shirley, NY, United States) was used to measure quadriceps muscle torque. The assessment was conducted at the Isokinetic Lab, Faculty of Physical Therapy, Cairo University. Each patient was informed about the steps of the test procedures and the apparatus was calibrated according to the manufacturer's manual.
The patient was seated with hip at 120°flexion and knee at 60°flexion. Large straps were applied horizontally across the pelvis and diagonally across the trunk to minimize body movement during testing. The thigh was stabilized by a system of pads and belts. The fulcrum of the lever arm was aligned with the lateral epicondyle of the femur and the cuff of the force transducer was placed at 5 cm superior to the medial malleolus. To overcome the effect of gravity, the leg weight was determined for gravity correction by asking the subject to extend the leg. The patient performed three trials of 5 s maximum voluntary isometric contraction with 1 min rest between trials. The subject was asked to maximally extend the knee joint while verbal encouragement was given. The maximum voluntary isometric torque (MVIT) was recorded and the average of the three trials in Newton-metres was taken. Muscle torque has been reported to be a valid method for evaluation of muscle strength capacity [26] .
Measurement of proprioception
Proprioception accuracy was determined using the passiveactive joint position reproduction method, which has been reported to be a valid method in the evaluation of proprioception [27] . Biodex 3 Pro multijoint Isokinetic dynamometer (Biodex Medical Inc., Shirley, NY, United States) was used to test the ability of the patient to actively repeat the passively positioned knee angle. The target angle was 45°and the test was repeated three times and the difference between the target angle position and the patient perceived end range position was calculated and averaged.
Measurement of pain
Visual numerical scale (VNS) was used to determine the degree of perceived pain. The subject was asked to choose a number between 0 and 10 on a 1 cm chart with 0 indicating no pain and 10 indicating unbearable pain. The subject marked the number corresponding to the pain intensity [28] .
Functional level
The functional disabilities of the patients were assessed by the arthritis impact functional assessment scale. This scale has demonstrated reliability in patients with OA [29] . It measures level of disability on five subscales including pain, walking distance, walking aids, standing, and climbing stairs. Patients were asked to rate their pain and ability to perform various ADL, scoring between 0 and 24 points. Lower scores indicate better subjective functional abilities.
Exercise programme
The study group received a sensorimotor training programme in addition to a traditional programme of strengthening and stretching exercises. The control group received only the traditional exercise programme. The exercises were done for three sessions a week on alternate days for 6 weeks in succession.
Traditional exercise programme
The traditional exercise programme included isometric and isotonic exercises. Isometric exercises were applied for 6 s with eight repetitions and a rest period of 4 s. Isotonic resisted exercises started from the fifth week. The maximum weight that could be lifted up to 10 times was determined; the exercises were then conducted as 10 repetitions with half of this weight, then three quarters of this weight, and finally the whole weight. The 10 repetition maximum was determined again at the sixth week [19] . The exercise programme was carried out according to the following protocol: 1st and 2nd weeks: Range of motion and stretching exercises applied to hamstring and calf muscle, and quadriceps and hamstring isometric strengthening exercise. 3rd and 4th weeks (in addition): Straight leg raising exercises, short-arc terminal extension exercise for the knee joint, and isometric exercises for the abductor and adductor muscles of the hip. 5th and 6th weeks (in addition): Short-arc terminal extension exercise with resistance for the knee joint, and isotonic strengthening exercise with resistance for the hamstring muscles.
Sensorimotor training programme
Patients were trained through three stages: static, dynamic and functional. Each exercise was repeated 3-5 times during a session and with enough periods of rest between each set of exercises. The exercise graduated from easy to more difficult and the patient was not progressed to a more difficult stage until performing the easier one according to the following protocol [22, 23, 30] 
Data analysis
Statistical analysis was performed using ''SPSS'' for the Windows evaluation version 15.0. Data were presented as mean and standard deviation (SD). Differences between and within groups were assessed using Student's t-test. The degree of association between functional disability and balance measures was estimated using the Pearson correlation. Multiple regression analysis was used to determine the possible predictors of balance in the whole cohort. The significance level was set at (0.05).
Results
There were no significant differences between the groups with respect to age, body weight, or height (P > 0.05), as shown in Table 1 .
Effect of sensorimotor training
As shown in Table 2 , regarding changes in balance measures when comparing pre-and post-exercise scores, statistically significant improvements were obtained in all balance measures in the study group trained with sensorimotor training in addition to traditional exercise. There were no statistically significant improvements in any of the balance measures in the control group trained with traditional exercise alone. In both groups, statistically significant improvements were obtained in proprioception accuracy, muscle torque of the quadriceps, and pain and functional levels, at post-exercise compared with pre-exercise (P < 0.05), see Table 2 .
In neither group were there significant differences at preexercise for all tested measures but at post-exercise there were significant improvements on all tested measures in the study group compared to control group, see Table 3 .
Correlation of balance and functional activity level
Significant direct associations were observed between all balance measures and functional activity level at baseline. Changes in balance measures were also directly associated with changes in functional activity level with exercises, see Table 4 .
Independent predictors of balance
Regression analysis showed that proprioception, quadriceps muscle torque and pain were significant independent predictors of balance, but among these independent predictors the proprioception is considered as the most significant predictor of balance. The model accounted for 55-62% of variation in balance, see Table 5 .
Discussion
In this study we have investigated the effect of sensorimotor training on balance in elderly patient with knee OA. Sensorimotor training is a special programme aimed at restoring motor control through maximizing sensory input from different parts of the body to improve balance and overall function level of the patient [22, 23] . For this purpose, we measured balance stability, proprioceptive sense accuracy, quadriceps isokinetic muscle strength, pain level, and functional level.
The main findings of this study were that sensorimotor training produced significant improvement of all balance measurements, while a traditional exercise programme produced non-significant improvement in all the balance measures. It was suggested that the sensorimotor training increased coordination between muscle groups and improved the response to sensorial information. In sensorimotor training, the patient progresses through exercises in different postures, base of support, and challenges to their centre of gravity. So, each exercise elicits automatic and reflexive muscular stabilization demanding the patient to maintain postural control under a variety of situations [31, 32] .
The association between OA and loss of proprioception, muscle weakness and pain has been reported [4] [5] [6] . These declines in sensory output from the knee joint affects sensorimotor function and may result in balance impairment [14] [15] [16] . In the current study, the improvement of balance in the study group could be attributed to the afferent acquisition and transmission to central integration centres, where the propagation of an efferent neural signal to the muscle can be initiated [23] .
Regarding all other measured parameters, although both groups produced statistically significant improvements at post-exercise compared with pre-exercise, statistically significant positive changes were detected in the sensorimotor group compared with the traditional exercises group. There are many studies that have investigated the effect of standard traditional exercises in the management of knee OA and reported decreased pain and increased muscle power with consequent improvement in proprioception and functional level [10, 11, 33] . However, according to the results of the current study, it is thought that this type of exercise programme is not enough and cannot achieve optimal functional capacity levels. Exercises should increase neuromuscular control and meet the needs of daily activities.
Theoretically, it could be predicted that sensorimotor training affects proprioception more than classic traditional exercise programme as sensorimotor training improves sensory input to the central nervous system thus improving sensorimotor function of the knee joint [32] . Kinesthaesia and balance training were reported to improve proprioception and functional performance of knee OA patients [19, 20] .
The study group showed more significant reduction of pain than the control group. In chronic OA patients, the patient is usually entrapped in a closed loop cycle called the physical reconditioning cycle where the patient tries to compensate for his pain by adapting unnatural and restricted posture; this may lead to muscle spasm and reduced joint range of motion. This adaptation leads to increased pain [1] . Sensorimotor training was originally designed for the management of chronic musculoskeletal painful conditions [22] .
In the current study, the study group also showed better improvement in muscle torque than the control group. Increasing muscle force-generating capability can be achieved by two means. The first is by central nervous system adaptation, whereby greater maximum voluntary contraction is produced by CNS ''learning and adaptation of the pattern of excitation''. The force gains are achieved by greater and more effective recruitment of muscle fibres. The second means is by building the physical bulk of the muscle to produce a greater force output for the same neural input [21] . Also the increase in muscle force can be explained by the decrease in pain. Pain leads to decreased activation level of the muscle. The anticipation of pain causes the patient to guard their physical activities and this in turn aggravates the disability and muscle weakness [34] .
The current results show that there was significant positive correlation between balance and functional activity level at baseline and after exercise. These results were in agreement with Hassan et al. who measured postural sway, proprioception, and maximal voluntary quadriceps contraction in patients with knee OA and reported that postural stability was associated with changes in functional level [4] . Also, Hurley et al. studied the sensorimotor changes and functional performance in patients with knee OA and concluded that decreased postural stability was associated with reduced functional performance [35] .
Proprioception, quadriceps strength, and pain level, are clearly important for balance control. The present study showed that there was significant correlation between balance and the previously mentioned parameters; but proprioception is considered as the most dependent predictor for balance. The factors responsible for balance defects in knee OA were reported to be pain, deficits in muscle strength, and proprioception [15] . Others found that increased body weight can be added to the previously mentioned factors [4, 35] .
In conclusion, the addition of sensorimotor training to traditional strengthening and stretching exercises could provide more motor control and help neuromuscular restoration of balance and subsequently improve the functional level of OA patients. Also, the close association between balance and functional level should be kept in mind during rehabilitation of knee OA. Nevertheless, as the current study investigated the short term effect of sensorimotor training, more studies with long term follow up are needed. Ultimately, it might be feasible to include sensorimotor training in the management protocol of patients with knee OA. 
